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Biological membranes surround all living cells to separate them from their
environment and also play an important role in the compartmentization of the cell. These
membranes consist mainly of various membrane lipids and proteins. The function of lipids is
to form barriers for the flow of polar molecules. Proteins that are embedded in these
membranes are called membrane proteins and take care of important biological processes in
and over the membrane such as energy and signal transduction. To understand the function
of a membrane protein it is very important to elucidate its structure. In this thesis studies
concerning the structure determination of membrane proteins involved in photosynthesis are
described. The results were obtained by electron microscopy and image analysis.
A general introduction about biological membranes, the crystallization of membrane
proteins, techniques involved in structure determination of proteins, and a more detailed
overview about proteins involved in photosynthesis are given in chapter 1.
Chapters 2 and3 describe studies on photosystem II (PS[) complexes. PSII is one of
the two pigment-protein complexes of oxygenic photosynthesis in green plants, algae and
cyanobacteria. It is the unique system where water oxidation takes place reducing it to
molecular oxygen, protons and electrons, therefore indispensable for humans and a lot of
other organisms. This system consists of more than 15 subunits. Part of these proteins form
the so-called PSII core complex that is quite similar in subunits in both green plants and
cyanobacteria. The main differences in the PSII complex of both organisms is their use of
different types of light-harvesting antenna systems. In cyanobacteria the antenÍla proteins are
clustered in so-called phycobilisomes that are non-covalently bound to the cytoplasmic side
of PSII core complexes, while in green plants the antenna proteins are integral membrane
proteins.
In chapter 2 PSII core complexes isolated from spinach and the cyanobacterium
Synechococcus elongatus were characterized by electron microscopy and subsequent single
particle analyses. These analyses showed that core complexes from both organisms are
dimeric particles and that they are highly similar in shape and size. We were able to locate a
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peripheral subunit of 33 kDa by comparison of untreated and Tris-washed PSII core
complexes of the cyanobacteria. By Tris-washing this subunit was removed. Even more
interesting was the analysis of a large LHCII-PSII complex consisting of a PSII core
complex with associated antenna complexes. From a comparison with the dimeric PSII core
complex it was deduced that a dimeric core complex is located in the center of the LHCII-
PSII complex. The projection of the LHCII-PSII complex, its subunit composition and its
mass further suggest hat two LHCII trimers are present, each of them linked to the core
dimer by smaller antenna proteins.
In chapters 3A and 38 the crystallization of PSII core complexes and the image
analysis of those crystals is described. Previously, two-dimensional crystals of PSII
complexes were obtained by dialysis of a solution containing PSIIRC+CP47 complexes
against solid sucrose. Such complexes were prepared by treating PSII core complexes in
such a way that several proteins of these complexes are removed finally resulting in
PSIIRC+47 kDa complexes. The 'easy' way the crystals were obtained was promising and
therefore a considerable amount of effort was spent to reproduce these crystals.
Unfornrnately, we did not succeed so far. Most remarkably crystallization experiments of
PSII core complexes resulted in two-dimensional crystals with the same crystal packing and
similar unit cell dimensions as the crystals obtained previously. The crystals of PSII core
complexes described in this thesis were prepared by addition of the lipid
phosphatidylcholine, solubilized in buffer, to the protein solution. Subsequently, the
remaining solution was incubated without further addition or removal of components. At
given detergent concentrations crystals could be obtained within a range of increasing lipid
concentrations. The minimum lipid concentration was mainly depending on the detergent
concentration. Therefore, we expect that the transition of micelles to vesicles, as is also the
case in a protein-free lipididetergent system and which depends on the ratio of lipid to
detergent, is also of great importance for the crystallization of the PSII core complexes. At
the lipid to detergent ratio where next to micelles also bilayer structures exist, crystallization
can take place. The maximum lipid concentration was both depending on the protein
concentration as well as on the detergent concentration. The dependence on the protein
concentration is clear, since increasing the protein concentration also increases the surface at
which lipid adsorbs and therefore more lipid is needed. The dependence on the detergent
concentration is due to the fact that also detergent molecules can adsorb at the hydrophobic
t47
148 Summary
surface of the protein, and therefore will compete with the lipid molecules. When increasing
the detergent concentration, more competitive lipid molecules must be added. However,
when the detergent concentration is relatively low or very high no crystallization of the PSII
core complexes occurs. Most probably this is due to the fact that for such detergent
concentrations corresponding lipid concentrations are needed such that at the hydrophobic
surface of the protein molecules too less or too much lipid and/or detergent molecules are
adsorbed, by which crystallization is hampered. The range of protein/lipid/detergent
concentrations at which crystallization does or does not occur are described and discussed in
chapter 3A, while the image analysis carried out on a selected crystal is described in chapter
38.
In chapters 4 and 5 photosynthetic membrane proteins of purple bacteria are sfudied.
Purple bacteria develop an extensive intracytoplasmic membrane system under
photoheterotrophic growth conditions. This system houses the photosynthetic pigment-
protein complexes. It contains a photochemical reaction center where charge separation takes
place and which is surrounded by a core antenna complex (LHl) and, in many species, by a
variable number of a peripheral antenna complex (LH2) and sometimes by a variable
number of a third antenna complex (LH3). These antenna complexes gather light energy and
transfer the energy to the reaction center. High-resolution structures of reaction centers have
been determined by X-ray diffraction, but antenna structural features are not as well
understood. The antenna complexes all appear to be constructed on similar structural
principles. A complex usually contains two hydrophobic polypeptides, namely the a and B
subunits, and some pigments in the form of non-covalently bound bacteriochlorophyll and
carotenoids molecules. Heterodimers of one a subunit and one B subunit plus pigments form
a unit and these units associate into larger complexes. The number of associated units and
the organization of the units into larger complexes are still open questions.
In chapter 4 EM images of negatively stained LHl (8875) and LH2 (B800-850)
complexes of Rhodobacler sphaeroides arc presented. The LH2 complexes give EM
projections which show a cylindrical shape with a stain accumulation in the center.
Therefore, a ring-shaped structure is expected. The shape, the dimensions and the mass
further suggest that these complexes consist of 4-6 aB heterodimer units with associated
pigments. The results of image analysis point to 3- or 6-fold symmetry, rather than 4- or
5-fold symmetry. Therr
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5-fold symmetry. Therefore, our results are most compatible with an cuBu configuration.
Also several different LHl structures were described. with as smallest structure a dimer of
two circular structures. The larger structures were horseshoe- or ring-shaped. Taking the
dimensions of these stmctures into account, these structures are explained as being
tetramers, in which two dimers are connected by one contact in such a way that a horse-shoe
shaped structure is obtained and as being hexamers, in which another dimer is connected to
the horseshoe-shaped structure in such a way that a ring-shaped structure is formed. A
halfdimer of LH1 has almost similar size as LH2 and therefore such a halfdimer has the
same c6B6 configuration. A whole LHl complex thus consists of 12 up heterodimers.
In chapter 5 images of reaction centers with associated LH1 (8870) complexes and
images of LH3 (8800-820) complexes of Rhodospiillum molischianum are presented. Image
analysis results show that the reaction center is surrounded by 12 utl LHl heterodimers. The
LH3 complex has similar dimensions and structural features as the LH2 complexes of
Rhodobacter sphaeroides and therefore we conclude that also this complex consists of 6 cB
heterodimers in a ring configuration.
In chapter 6 a general discussion is given in which results of this thesis are compared
with results given in recent literature.
